It was shown that the inhibitory effect of kanamycin and streptomycin in a growing culture of Clostridium thermohydrosulfuricum JW 102 is of limited duration. To screen a large number of antibiotics, their stability during incubation under the growth conditions of thermophilic clostridia was determined at 72 and 50°C by using a 0.2% yeast extract-amended prereduced mineral medium with a pH of 7.3 The microtiter plates were incubated at 37°C for 48 h. Thereafter, they were stored at 4°C until the plates from all time points of one experiment could be read. This procedure was necessary to read various levels of inhibition within one experiment consistently, since the activities of some of the antibiotics lead to a gradual inhibition over a wide range of concentrations. Representative samples are shown in Fig. 1 . The k values are listed in Table 1 in order of decreasing stability at 72°C and pH 7.3. In this test, antibiotics commonly used for the selection of resistant mutants of mesophiles, such as penicillin G or tetracycline, lost their potency rapidly under the given conditions (t1/2 between 5.6 and 15.2 h), indicating a need for precaution if these antibiotics are to be used for work with thermophilic anaerobes. Neomycin, kanamycin, and lasalocid were sufficiently stable at neutral pH to guarantee suppression of sensitive strains even during prolonged incubation. The relatively small pH change from 7.3 to 5.0 had a strong effect on the stabilities of some compounds: the stabilities of kanamycin, neomycin, lasalocid, monensin, and erythromycin were lower at pH 5.0 than at pH 7.3, while the reverse was true for streptomycin, polymyxin, bacitracin, and novobiocin (Table 1) .
For the development of a genetic system in thermophilic anaerobes, it seems promising to use antibiotic resistance as a genetic marker, similar to the approach taken with many mesophiles. Preliminary experiments have shown, however, that the instability of some antibiotics at elevated temperatures might cause problems.
Although the shelf lives of most antibiotics were known, it was in general not known to what degree they are stable as dilute solutions in growth medium at elevated temperatures and low redox potentials. Preliminary results were available for only a few compounds (2).
Therefore, we decided to screen the stabilities (i.e., degradation constant [k] The microtiter plates were incubated at 37°C for 48 h. Thereafter, they were stored at 4°C until the plates from all time points of one experiment could be read. This procedure was necessary to read various levels of inhibition within one experiment consistently, since the activities of some of the antibiotics lead to a gradual inhibition over a wide range of concentrations. Representative samples are shown in Fig. 1 . The k values are listed in Table 1 in order of decreasing stability at 72°C and pH 7.3.
In this test, antibiotics commonly used for the selection of resistant mutants of mesophiles, such as penicillin G or tetracycline, lost their potency rapidly under the given conditions (t1/2 between 5.6 and 15.2 h), indicating a need for precaution if these antibiotics are to be used for work with thermophilic anaerobes. Neomycin, kanamycin, and lasalocid were sufficiently stable at neutral pH to guarantee suppression of sensitive strains even during prolonged incubation. The relatively small pH change from 7.3 to 5.0 had a strong effect on the stabilities of some compounds: the stabilities of kanamycin, neomycin, lasalocid, monensin, and erythromycin were lower at pH 5.0 than at pH 7.3, while the reverse was true for streptomycin, polymyxin, bacitracin, and novobiocin ( ing thermophiles (Fig. 2a) .
The extent of growth suppression, as measured by increase of optical density at 600 nm, was dependent on the concentration of streptomycin. When a concentration of streptomycin from a different batch which inhibited increase in optical density for 20 h was used, viable counts were checked over time by plating the cells on modified reinforced clostridial medium solidified with 0.8% agar. Following an initial doubling, the viable counts decreased by more than 1 ________ order of magnitude in the first 12 h. After that time, however, the number of CFU started to rise again. This indicated that streptomycin exhibits an incomplete bactericidal effect on C. thermohydrosulfuricum.
The results for streptomycin and kanamycin relate well to the effects of these antibiotics in the inhibition experiments with C. thermohydrosulfuricum. However, in an experiment similar to the latter one, penicillin G (data not shown) inhibited growth completely for more than 50 h at the tested concentrations, which ranged from 60 to 1,800 U/ml. This suggests that the mode of action of a specific antibiotic for a T .
given thermophile might overcome the limitations that are 40 50 due to its thermolability. However, even for such compounds, the half-life values reported here should be considered when experiments are being designed. This is especially true if spore-containing or slowly growing cultures are incubated for prolonged times.
